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Introduction
Lernaeenicus ramosus Kirtisinghe, 1956 (Sipho-
nostomatoida: Pennellidae) is a mesoparasitic 
copepod infecting mainly groupers (family Serra-
nidae) in the Indo-West Pacific region (Nagasawa 
et al., 2011, 2014; Nagasawa & Uyeno, 2014). The 
outbreaks of this parasite occurred in the 2000s in 
western Japan (Nagasawa et al., 2011), and its heavy 
infection reduces the commercial value of groupers 
(Anonymous, 2004). In Japan, the copepod has been 
recorded from the North Pacific, the southwestern 
Sea of Japan, the eastern East China Sea, and the 
Seto Inland Sea (Nagasawa & Uyeno, 2014). Here 
we report L. ramosus from a Hong Kong grouper 
Epinephelus akaara (Temminck & Schlegel, 1842) 
in the Amakusa-nada Sea as a new locality record, 
together with sequences of the mitochondrial cy-
tochrome oxidase gene subunit 1 (CO1) and partial 
nuclear 28S rDNA that commonly used for DNA 
barcoding and phylogenetic analysis (e.g., Castro-
Romero et al., 2016; Song et al., 2008).
Materials and Methods
One E. akaara infected with L. ramosus was 
collected by angling in the Amakusa-nada Sea 
(32°12ʹ51ʺN, 129°57ʹ51ʺE) off Ushibuka, Kuma-
moto Prefecture, Kyūshū, Japan on 23 April 2017. 
The fish was brought on ice to the laboratory of 
Hiroshima University, and L. ramosus was removed 
carefully under an Olympus SZX7 dissecting mi-
croscope by forceps and needles. The specimen was 
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Abstract.　One adult female of the mesoparasitic copepod Lernaeenicus ramosus is reported from a Hong 
Kong grouper Epinephelus akaara in the Amakusa-nada Sea off Kumamoto Prefecture, Kyūshū, western Ja-
pan, which represents a new locality record for the copepod. In Japanese waters, the copepod was previously 
collected mainly from summer to winter, and this is the second case of spring (April) collection. Based on 
the phylogenetic analysis based on CO1 sequences of pennellids, L. ramosus is related to L. sprattae, and the 
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hemirhamphi.
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fixed in 70% ethanol overnight and stored in 99% 
ethanol. Photographs of the copepod were taken by 
an Olympus DP20 microscope digital camera on an 
Olympus SZX10 dissecting microscope. The speci-
men is deposited in the Crustacea (Cr) collection at 
the National Museum of Nature and Science, Tsuku-
ba city (NSMT-Cr 25566). The scientific and com-
mon names of fishes follow Froese & Pauly (2017).
A half of one egg sac was cut off from the cope-
pod specimen and used for DNA analysis. DNA was 
extracted using the DNeasy blood and tissue kit (Qia-
gen) in accordance with the manufacturer’s instruc-
tions. The DNA was amplified by polymerase chain 
reaction (PCR) using the primer pairs LCO1490 
(5′-GGTCAACAAATCATAAAGATATTGG-3′) 
and HCO2198 (5′-TAAACTTCAGGGTGAC-
CAAAAAATCA-3′) to amplify CO1 (Folmer et al., 
1994), and 28SF (5′-ACAACTGTGATGCCCT-
TAG-3′) and 28SR (5′-TGGTCCGTGTTTCAA-
GACG-3′) to amplify partial 28S rDNA (Song et al., 
2008). An amplification reaction was performed in a 
final volume 25 μL PCR reaction consisted of 1 μL 
of DNA template, 1 μM of each primer, 2.5 μL of 
10×Ex Taq Buffer (TaKaRa), 0.2 mM of each dNTP, 
and 0.125 μL (5U/μL) of TaKaRa Ex-Taq HS DNA 
polymerase (TaKaRa). PCR was carried out with 
the following protocol: 94°C for 5 min followed by 
35 cycles of 94°C for 60 sec, 50°C or 56°C for 60 
sec and 72°C for 60 sec, and 5 min of final hold at 
72°C. PCR products was purified using NucleoSpin 
Gel and PCR Clean-up kit (Macherey-Nagel) and 
sequenced with a 3130xl Genetic Analyzer (Applied 
Biosystems) with the same primers that generated 
the PCR product. 
The CO1 sequences of seven genera including 
seven pennellids and one ergasilid as outgroup down-
loaded from GenBank are as follows: Haemobaphes 
pannosus Kabata, 1979 (KR049061–049062); Ler-
naeenicus sprattae (Sowerby, 1806) (KT208575, 
KT209102, KT209420, KT209436, KT209437, 
KT209518, KT209576); Lernaeenicus hemirham-
phi Kirtisinghe, 1932 (KM102172, KM102173, 
KM102174); Lernaeenicus alatus Rangnekar, 1961 
(KM102164); Lernaeenicus seeri Kirtisinghe, 
1934 (KM102165); Metapeniculus antofagastensis 
Castro-Romero & Baeza-Kuroki, 1985 (KU557413–
557416); Peniculus cf. fistula von Nordmann, 1832 
(KU557417–557441); Pennella sp. from Cololabis 
saira (Brevoort, 1856) (LC198844–198871); Trifur 
cf. tortuosus Wilson, 1917 (KU557442–557444); 
and Ergasilus sp. (KU557411–557412) as outgroup. 
The CO1 data set including the sequence of L. 
ramosus was made under guidance of the deduced 
amino acid alignment using Mega7 (Kumar et al., 
2016). The phylogenetic tree was constructed by 
maximum likelihood (ML) method using Mega7. 
The HKY+G+I model, which was determined to be 
the best-fit model using the Bayesian information 
was used to estimate distances for the ML analyses, 
and the robustness of the inferred phylogeny was 
assessed using a bootstrap procedure with 1,000 rep-
lications for the analyses.
Results and Discussion
One adult female of L. ramosus was found infect-
ing the left lateral body surface near the dorsal fin of 
the fish (187 mm in standard length, Fig. 1A). The 
anterior part of the copepod was inserted into the 
host’s subcutaneous tissues. The body (Fig. 1B) of 
the specimen measured 15.2 mm (excluding the egg 
sacs) in fixed condition. The head with two whorls 
of intricate horns (Fig. 1C) is one of the morpho-
logical features of the species (Kirtisinghe, 1956; 
Shiino, 1958). The copepod is known to occur in the 
southern temperate waters of Japan affected by the 
Kuroshio Current and its branch, the Tsushima Cur-
rent (Nagasawa et al., 2011), and the newly recorded 
area, the Amakusa-nada Sea, is also affected by the 
Tsushima Current. 
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In Japan, L. ramosus occurs on groupers from 
early summer (June to July: Anonymous, 2004; 
Shiino, 1964), appears frequently in late summer to 
early winter (September to November: Anonymous, 
2004; Doi, 2007; Doi et al., 2008; Nagasawa et al., 
2010, 2011, 2014; Okamoto, 2011), and disappears 
after winter (Anonymous, 2004). Only Shiino (1958) 
reported the copepod in spring (April) from a wild 
blacktip grouper Epinephelus fasciatus (Forsskål, 
1775). Doi (2007, 2008) reported that two of the 
three L. ramosus infecting E. akaara kept in an 
aquarium survived from early winter to early spring 
(November to March) and disappeared by early sum-
mer (June). It is thus likely that the copepods collect-
ed in April (Shiino, 1958; this study) overwintered 
with their hosts. Future studies on seasonal infection 
of L. ramosus in Japanese waters may support this 
inference.
The CO1 (686 bp) and partial 28S rDNA (686 bp) 
sequence of L. ramosus were submitted to DDBJ 
(accession no. LC317014 and LC317015, respec-
tively). In the phylogenetic analysis based on CO1 
sequences (Fig. 2), L. ramosus is related to L. sprat-
tae collected from the North Sea (Raupach et al., 
Fig. 1. Lernaeenicus ramosus, NSMT-Cr 25566, parasitic on Epinephelus akaara from the Amakusa-
nada Sea off Ushibuka, Amakusa city, Kumamoto Prefecture. A, fish infected with an adult 
female of L. ramosus (arrow); B and C, whole body and head of L. ramosus, ventral and lateral 
views, respectively. Scale bars: A, 50 mm; B, 5 mm; C, 1 mm.
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2015). However, the clade consisting of L. hemir-
hamphi, L. alatus, and L. seeri is separated from 
that of other pennellids including L. ramosus, which 
suggests that Lernaeenicus is a polyphyletic group. 
This genus currently consists of 32 nominal species 
(Walter & Boxshall, 2015), but molecular data of 
pennellids including the genus are yet scarcely avail-
able, and a valid phylogenetic analysis of nuclear 
DNA sequences cannot be performed based on the 
available data. More molecular data will provide de-
tailed information on the phylogeny and systematics 
of the genus and the Pennellidae.
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